Aeolian, or wind-blown, microorganisms pelt the Greenland Ice Sheet all winter long but remain inactive until some of that ice melts to form metabolically active pools during the short summer growth season, according to Michaela Musilova from the University of Bristol in the United Kingdom and her collaborators from there and the Universities of Edinburgh and Leeds as well as the Woods Hole Oceanographic Institution in Woods Hole, Mass. Even then, however, those inputs to microbial communities that form in melt holes along these glaciers are "limited," with the communities themselves being "stable and active" throughout the summer, "making them important contributors to biogeochemical nutrient cycling on glaciers," the researchers note. Details appeared 20 March 2015 in Frontiers in Microbiology (6:193; doi:10.3389/ fmicb.2015.00193) .
During the summer, cylindrical holes in glaciers fıll with water and debris, called cryoconite, forming small pools in which microbial communities can flourish. Stable communities within holes on the glacier contain mainly proteobacteria, cyanobacteria, and actinobacteria, according to Musilova and her collaborators. An open question was whether aeolian sources augment these established microbial mixtures, they note. "However, the dominant bacterial taxa in the aeolian samples-Firmicutes-did not establish themselves in local glacier surface communities." As for the dust itself, it originates almost entirely from deserts and dry areas in eastern Asia, such as the Gobi desert.
"The evolution of the microbial community within cryoconite holes is very interesting," says Andrew Fountain at Portland State University in Portland, Ore., who studies similar communities in Antarctica. "Seeded initially with aeolian biota in snow, then within a few weeks only a few were left, indicating a natural fıltering of those who thrive in such a habitat. The fact that the microbial communities remained stable over time, once established, is useful to know for future investigations, saving time and energy sampling multiple holes over the season."
These results raise questions as to how important it is for those established microbial communities to survive winters and then establish active communities during early spring melts, Fountain continues. A related question is how important input microbiota are for maintaining community structures in terms of adding different species versus bringing in new sources of nutrients, he says. "Perhaps indirect measures of water chemistry, such as electrical conductivity and partial pressure of gases in cryoconite waters, may be used as an index of microbial activity once the microbial community becomes established for the season."
Little is yet known about the genes that collectively operate within these glacier surface microbial communities, according to Musilova, who plans metagenomics analyses to address such questions. "It would also be very interesting to learn more about the aeolian microbes to determine their origin, whether they are viable upon deposition on the glacier surface, and whether they are indeed out-competed by the local communities," she says. "Here we determined the isotopic signatures of the organic carbon in the samples, but Cryoconite holes on an Arctic glacier. These small holes form in summer and support stable microbial communities from aeolian, or wind-blown, microorganisms that are deposited on the ice sheet in winter. (Photo credit: Arwyn Edwards.).
further studies of the amounts and origin of the carbon are needed." "One thing that strikes me about their results is that showing general community stability is . . . precisely what would be predicted if the cryoconite hole environment was like countless others that are studied," says Brent Christner from Louisiana State University in Baton Rouge, who has extensively studied such microbial communities. "Apparently, assemblages of very specifıc organisms have evolved to be extremely competitive under the physical and chemical conditions present, keeping new species arrivals in check. I believe this contributes to our growing appreciation for polar ice sheets as environments for microbial life."
Barry DiGregorio is a freelance writer in Middleport, N.Y.
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Host Signals Can Trigger Virulence in Candida albicans
Shannon Weiman
The virulence of Candida albicans changes in response to signals within and from the host, according to several researchers who spoke during the 28th Fungal Genetics Conference, held in Pacifıc Grove, Calif., last March. In some cases those host signals render this yeast innocuous. In other circumstances, however, C. albicans upregulates virulence factors in response to host signals, becoming an outright pathogen. A recent thrust of research is to reveal those signals that trigger such responses as well as the fungal regulatory pathways that respond to them, with a longer-term goal of combating infections not by killing this yeast, but by blocking virulence.
"C. albicans is the dominant [fungal] commensal of the human gastrointestinal tract, as well as the most common invasive fungal pathogen," says Suzanne Noble of the University of California, San Francisco. In its com-mensal state, gastrointestinally induced transition (GUT) cells of C. albicans are attenuated for mutualism. However, in its pathogenic invasive "white" form, metabolic and other adaptive changes enable these changed yeast cells to invade the host. This switch of C. albicans is triggered by gut environmental signals and mediated by the Wor1 transcription factor, she says. "The resulting GUT cells differ morphologically and functionally from previously defıned cell types, and express a transcriptome that is optimized for the digestive tract ... exhibiting a striking reorientation of cellular metabolism towards nutrients available in the distal mammalian GI tract."
Carbon dioxide and N-acetylgluco-samine are candidate signals from the host controlling this Wor1-induced transcription, Noble continues. "Our results indicate that the ability of a commensal organism to produce disease is not merely a consequence of impaired host immunity. The identifıcation of specialized states for C. albicans commensalism and virulence offers opportunities for prevention as well as treatment of clinical diseases produced by this important human pathogen." Meanwhile, temperature changes unambiguously can increase the virulence of C. albicans, according to Michelle Leach of the University of Aberdeen in the United Kingdom. When exposed to relatively higher tempera-
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Microbiology Policy Bulletin Board
Recent national and international developments involving microbiology and related science policy matters include:
• World Health Organization (WHO) officials declared the Ebola virus disease outbreak "over" in Liberia as of 9 May, while noting that the recent total of nine confirmed cases in Sierra Leone and Guinea was the "lowest weekly total this year." • A strain of H5N2 avian influenza virus turned up in Nebraska in May, making it the latest state where this strain was detected in U.S. commercial chicken flocks, affecting more than 37 million birds so far, according to the U.S. Department of Agriculture Animal and Plant Inspection Service (APHIS). APHIS officials also confirm finding a highly pathogenic H5N8 flu strain in a backyard flock in Indiana. Although a huge problem for egg and poultry producers, these strains are not considered a risk for causing disease among humans. • In May, officials of the Food and Drug Administration (FDA) issued a warning letter to Novartis Animal Health of Greensboro, N.C., now owned by the Elanco unit of Eli Lilly, over its Denagard brand of a feed additive that contains the antibiotic chlortetracycline. FDA reminds the company that the additive is approved only for control of swine dysentery, and warns the company not to advertise the product for promoting growth in animals or for making similar performance claims. The warning comes amid broader agency efforts to curb the improper use of antibiotics in animals. • In a similar vein, Tyson Foods of Springdale, Ark., in April announced that it is "striving to eliminate the use of human antibiotics from U.S. broiler chicken flocks by the end of September 2017." • Only 34 of 133 participating nations have a comprehensive plan to fight resistance to antibiotics and other antimicrobial medicines, according to a report, "Worldwide country situation analysis: Response to antimicrobial resistance," released by WHO in April.
Microbe-Volume 10, Number 7, 2015 • 271 tures such as those encountered when a host develops a fever, C. albicans mounts a heat-shock response, upregulating genes that help to ensure survival but also virulence factors that play no role in its survival, she says. Thus, fever in the host-presumably a response that would disable the pathogen-instead makes it more damaging to the host, Leach fınds, when the moth, Galleria mellonella, is infected by this yeast. "The ability to sense the surrounding temperature is key for virulence," says Leach. "Understanding circuitry governing temperature sensing offers therapeutic opportunities for crippling diverse microbial pathogens." C. albicans senses high temperatures by monitoring membrane fluidity and downregulating the fatty acid biosynthesis gene Ole1, which in turn activates heat shock factor 1 (Hsf1), she and her collaborators fınd. Hsf1 binds to promoter elements, cooperating with heat shock protein 90 (Hsp90) to turn on virulence factors involved in adhesion, biofılm formation, and fılamentation. "Hsf1 and Hsp90 act in concert in the pathogen to combat the host response of fever by upregulating genes necessary for cell survival and continued infection," she says.
Shannon Weiman is a freelance writer in Truckee, Calif.
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In Cystic Fibrosis, Iron-Grabbing Pseudomonas Outcompetes S. aureus
David C. Holzman
Of the two major bacterial species that colonize the lungs of cystic fıbrosis (CF) patients, Pseudomonas aeruginosa eventually dominates Staphylococcus aureus. The faster and more fully the former overshadows the latter, the more likely is the host to experience morbidity and mortality, according to George A. O'Toole of the Geisel School of Medicine at Dartmouth University in Hanover, N.H., and his collaborators. That takeover depends in part on the ability of P. aeruginosa to deprive S. aureus of much-needed iron, according to Amanda Oglesby-Sherrouse at the University of Maryland, Baltimore, and her collaborators. Details appeared in separate reports 29 April 2015 in the Journal of Bacteriology (doi:10. 1128/JB.00059 -15 and doi:10.1128/JB. 00072-15, respectively), along with a commentary in that same issue (doi:10. 1128/JB.00303-15 ).
P. aeruginosa drives S. aureus into anaerobic metabolism, slowing the latter's growth while appropriating lactate and iron to accelerate its own growth, according to O'Toole. This process depends on the quorum sensing molecule 4-hydroxy-2-heptylquinolone-N-oxide (HQNO) and two ironbinding molecules, pyoverdine and pyochelin, boosting expression of fermentation pathway genes in S. aureus, he says. This takeover can be followed in vitro by growing these two bacterial species together on a plastic substrate or on airway epithelial cells from individuals with CF, according to O'Toole. Identifying and determining the mechanisms underlying the takeover "are the initial steps to understanding how CF microbial lung communities develop and affect patient health," he says.
When P. aeruginosa steals iron from other bacteria, levels of the molecule it makes called Pseudomonas quinolone signal (PQS) also rise, according to Oglesby-Sherrouse's graduate student Angela Nguyen. During coculture in iron-poor environments, increases in PQS levels plus increases in levels of various 2-alkyl-4(1H)-quinolones
MINITOPIC
Vaccine Update
Recent developments involving vaccines include:
• The Pan American Health Organization/World Health Organization in April declared the Americas the first region in the world to be free of endemic transmission of rubella-culminating a 15-year effort to deploy the measlesmumps-rubella vaccine throughout the 45 countries and territories of North, Central, and South America. • Use of microneedle patches could make it easier to deliver the measles as well as other vaccines, according to official at the Centers for Disease Control and Prevention (CDC) in Atlanta, Ga., and their collaborators at nearby Georgia Institute of Technology. • Because measles infections can suppress immune responses for as long as 3 years, the measles vaccine "protects polymicrobial herd immunity" longer than previously believed, helping to explain the long-term benefits of this vaccine, according to (AQs), including HQNO, enable P. aeruginosa to outcompete other bacterial species in its environment, particularly S. aureus, according to Oglesby-Sherrouse. "Both bacterial species must be cultured together for this phenomenon to occur, as you can't just provide culture supernatant from P. aeruginosa to block growth of S. aureus," she says. "This indicates that P. aeruginosa must sense S. aureus." Previously, she notes, most of what is known about iron regulation in bacterial species was learned from studies of bacteria grown in pure cultures. "These two papers . . . give some of the fırst evidence regarding how host micronutrients [affect] interactions of two prevalent CF pathogens and provide insights into the mechanism controlling P. aeruginosa-mediated succession in the CF lung," note Patricia M. Barnabie and Marvin Whiteley of the University of Texas, Austin, in the commentary that accompanies the two reports. "The control of such hostmodulated bacterial interactions is thus a largely unexplored fıeld that may one day prove a fertile ground for medical innovation." David C. Holzman is the Microbe Journal Highlights Editor.
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Fungus Sequesters Industrially Valuable Rare-Earth Elements Carol Potera
A newly identifıed fungal species, isolated from an abandoned mine, can concentrate dysprosium and other industrially valuable rare-earth elements-making this fungus potentially useful for recovering such materials, according to Takumi Horiike and Mitsuo Yamashita at Shibaura Institute of Technology in Saitama, Japan. This fungus, which they are calling Penidiella sp. T9, appears to be the fırst microorganism known to recover rare-earth elements during cell growth, they report. Details appeared 1 May 2015 in Applied Environmental Microbiology (doi:10.1128/AEM.00300 -15).
The rare-earth element dysprosium, which is strongly magnetic and thus used widely in cell phones, wind turbines, and hybrid automobiles, can contaminate industrial and mining sites. With that information in mind, the researchers collected sediment and liquid samples from a total of 72 abandoned mines, industrial waste sites, and waste disposal plants throughout Japan. They then incubated each of the samples in an acidifıed culture medium that was spiked with dysprosium, providing conditions similar to those where this element is mined.
Penidiella sp. T9 grew in one of those samples, taking up about 50% of the dysprosium from the medium when cultivated for several days at pH 2.5. In addition to taking up dysprosium, Penidiella sp. T9 takes up and concentrates several other rare-earth elements, including 52% of praseodymium, 50% of neodymium, 45% of terbium, and 38% of europium. However, this rod-shaped fungus does not require dysprosium for growth, leaving unanswered the question of what advantage it gains from accumulating this or other rare-rearth elements.
After they tinkered with culture conditions, Penidiella sp. T9 becomes even more profıcient at taking up dysprosium, according to Horiike and Yamashita. Moreover, the process can be scaled up in the laboratory to work in 100-liter reactors. "We hope to construct a combination process for the bioaccumulation and purifıcation of dysprosium," Horiike says.
"Fungi are unappreciated, but highly signifıcant, geoactive agents in a wide range of environments, and their vast geodiversity is understudied," says Geoff Gadd at the University of Dundee in Scotland. "This fascinating work provides a strong rationale for further geomycological research on the remarkable properties and applica-tions of fungi in environmental biotechnology." Moreover, Penidiella's geochemical properties are relevant to recovering this element, bioremediating sites where it is a contaminant, and for producing novel inorganic biomaterials.
Dysprosium is considered the single most critical element for some kinds of clean energy production technology, according to offıcials of the U.S. Department of Energy. Most dysprosium is mined in China, and prices soared
MINITOPIC
Historian Disputes Claims about Smallpox Role in Early America
The idea that Europeans used smallpox and other infectious diseases deliberately to take advantage of Native Americans is "very problematic," and it is based mainly on anecdotal evidence, says historian Paul Kelton of the University of Kansas, Lawrence. He argues, for example, that the Cherokee people took steps, including efforts to establish quarantines, to protect themselves against smallpox, but that the overrunning of their villages kept such measures from being effective. "Smallpox did not shatter Native belief systems and destroy their medicine as is so often depicted in the literature," he says. "What I hope is that my answer to this difficult question will encourage us today to put contemporary experience with infectious diseases in a larger historical context, one in which imperialism and colonialism-not independent actions of microbes acting alone-have created terrible health disparities around the globe." Kelton's book, Cherokee Medicine, Colonial Germs: an Indigenous Nation's Fight against Smallpox, 1518 -1824 in April by the University of Oklahoma Press. from $7 per pound in 2003 to $130 per pound in 2010. A low-cost process for recovering dysprosium from mining sites and contaminated water at industrial sites could increase its supply and reduce costs. With current concerns over sustaining the supply of dysprosium and other valuable rare-earth elements required for clean energy technology, "fungal systems have a clear potential for the immobilization and biorecovery of these important substances," Gadd says.
There are precedents for using microorganisms on an industrial scale to recover metals and radioactive elements, according to Gadd. Sulfate-reducing bacteria are used to precipitate and recover metals such as zinc in a commercial system available through Paques BV, headquartered in the Netherlands. Other industrial-scale systems rely on acidophilic bacteria to make sulfuric acid for leaching copper, gold, and uranium, he says. Amid interest in fınding microbes to recycle rare-earth elements, he adds, "so far there are no industrial processes." Carol Potera is a freelance writer in Great Falls, Mont.
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Outbreak Spurred Several Approaches to Developing Ebola Therapeutic Products Jeffrey L. Fox
Several distinct types of Ebola therapeutic products are under development-some more or less conventional antiviral agents, while others depend on more recently developed techniques to disrupt viral gene activity or use antibodies to bind the virus and trigger host immune responses.
Some of these candidate drugs block replication of the virus genome. For example, BCX4430, under development by BioCryst of Research Triangle Park, N.C., targets the RNA polymerase of the Ebola and Marburg viruses. It proves effective in treating nonhuman primates infected with either of those viruses. Favipiravir, also called T-705, initially was developed by Toyama Chemical, part of FujiFilm Corp. of Tokyo, Japan, because of its activity against influenza virus strains. Although the drug failed to help patients with advanced Ebola infections during the recent outbreak in West Africa, it appeared to help in preventing deaths among those with more moderate infections.
Sequence-specifıc inhibitors of the Ebola virus include phosphorodiamidate morpholino oligomers (PMOs), being developed by Sarepta Therapeutics of Cambridge, Mass., and lipid-encapsulated siRNA oligomers, being developed by Tekmira Pharmaceuticals of Vancouver, British Columbia, Canada. The Sarepta PMOs target Ebola or Marburg virus matrix proteins. "These compounds have protected up to 80 -100% of nonhuman primates to Ebola and Marburg virus challenge infections, respectively," says Michael Wong of Sarepta. Despite such promising fındings, however, the Department of Defense (DoD) Joint Product Management Offıce of BioDefense Therapeutics recently dropped its sponsorship of PMOs.
DoD continues to support the RNA silencing candidate products that Tekmira is developing, including its lead candidate, TKM-Ebola-Guinea, which was adjusted to accommodate minor sequence changes in the genome of the viral strain that circulated in West Africa during the outbreak. The lipid-encapsulated siRNA "triggers" target the genes VP35 and L polymerase of the Ebola virus, which function in viral replication and, in the case of VP35, also in blocking the host immune response to the virus, according to Tekmira.
Meanwhile, several mixtures containing specifıc monoclonal antibodies (mAbs)-typically, two or more mAbs aimed at more than one target on the Ebola virus-are now being evaluated as therapeutic products. Treatment results are anecdotal, but similar mixtures of these mAbs seem to be having an effect in patients infected with the Ebola virus, according to Gary Kobinger of the National Microbiology Laboratory in Winnipeg, Canada, part of the Public Health Agency of Canada (PHAC).
Prominent among these candidates A Rhizobiales symbiont inhabits the hindgut as a biofılm, and fıxes atmospheric nitrogen-just like congeners that abide in root nodules of legumes on human farms. Obtaining suffıcient nitrogen "is an obvious challenge when the farmers no longer hunt the meat of insect prey," says Sapountzis. He notes that "leaf cutting ants are serious pests for human agriculture as they defoliate many crops, to nourish their underground fungus farms." The research might lead to environmentally friendly biopesticides to replace the contaminating organochlorines now used, he says.
(P. Sapountzis, M. Zhukova, L. H. Hansen, S. J. Sørensen, M. Schiøtt, and J. J. Boomsma. 2015 . Acromyrmex leaf-cutting ants have simple gut microbiota with nitrogen-fixing potential. Appl. Environ. Microbiol. Online ahead of print 5 June 2015; doi:10.1128/AEM.00961-15.)
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Microbe Highlights Yet More Gut Microbiota Studies
Here is another set of examples of recent efforts to understand how microorganisms in the gut affect the host:
• The probiotic species Lactobacillus rhamnosus GG apparently acts as a facilitator, modifying the activity of other bacteria that are part of the gut ecosystem rather than or perhaps in addition to benefitting the host directly, according to Claire Fraser of the University of Maryland School of Medicine in Baltimore, Patricia Hibberd at Massachusetts General Hospital in Boston, and their collaborators. Details appeared 14 April 2015 in mBio (doi:10.1128/mBio.00231-15). • The gut microbiomes of people from Papua New Guinea show greater bacterial diversity, lower inter-individual variation, and vastly different compositional profiles compared to those from U.S. residents, according to Jens Walter of the University of Alberta in Edmonton, Alberta, Canada, and his collaborators. Bacterial dispersal-the ability of bacteria to move from individual to individual-"appears to be the dominant process that shapes the collection of gut bacteria in residents of Papua New Guinea but not those in U.S. residents," they note. 
